US009184030B2

a2z United States Patent (10) Patent No.: US 9,184,030 B2
Kim et al. (45) Date of Patent: Nov. 10, 2015
(54) EDGE EXCLUSION CONTROL WITH 2005/0178505 Al 82005 Kim
ADJUSTABLE PLASMA EXCLUSION ZONE 2006/0172538 Al 8/2006 Itzkowitz et al.
2010/0099337 Al 4/2010 Kerstan et al.
RING
(75) Inventors: Keechan Kim, Pleasanton, CA (US); FOREIGN PATENT DOCUMENTS
Yansung Kim, Monte Sereno, CA (US) EP 1569 268 8/2005
. EP 1708 240 10/2006
(73) Assignee: Lam Research Corporation, Fremont, KR 10-2005-0070683 7/2005
CA (US
US) OTHER PUBLICATIONS
(*)  Notice: SutbjetCt. to aItly (?;S(Cilalmeé’. thte Eermeftglg Shin et al., “Spatial Distributions of Thin Oxide Charging in Reactive
patent 15 extendec or adjusted under Ion Etcher and MERIE Etcher”, Feb. 1993, IEEE Electron Device
U.S.C. 154(b) by 675 days.
Letters, vol. 14, No. 2, pp. 88-90.
21) Appl. No.: 13/553,734
(1) Appl. No ’ Primary Examiner — Eric Golightly
(22) Filed: Jul. 19, 2012 (74) Attorney, Agent, or Firm — Martine Penilla Group, LL.P
(65) Prior Publication Data 7 ABSTRACT
US 2014/0020708 Al Jan. 23,2014 Systems and methods for edge exclusion control are
described. One of the systems includes a plasma chamber.
(51) Int.ClL The plasma processing chamber includes a lower electrode
BO8B 3/00 (2006.01) having a surface for supporting a substrate. The lower elec-
HO017 37/32 (2006.01) trode is coupled with a radio frequency (RF) power supply.
(52) US.CL The plasma processing chamber further includes an upper
CcPC ... HO01J 37/32623 (2013.01); HO1J 37/32091 electrode disposed over the lower electrode. The upper elec-
(2013.01); HO01J 37/32385 (2013.01) trode is electrically grounded. The plasma processing cham-
(58) Field of Classification Search ber includes an upper dielectric ring surrounding the upper
None o ) electrode. The upper dielectric ring is moved using a mecha-
See application file for complete search history. nism for setting a vertical position of the upper dielectric ring
. separate from a position of the upper electrode. The system
(6 References Cited further includes an upper electrode extension surrounding the
U.S. PATENT DOCUMENTS upper dielectric ring. The upper electrode extension is elec-
trically grounded. The system also includes a lower electrode
‘S‘,g %g’;gg ﬁ 2; }ggg IS(ath etal. | extension surrounding the lower dielectric ring. The lower
A s urono et al. : : :
6004631 A 121999 Mori electrqde extension is arranged opposite the upper electrode
7,252,738 B2 8/2007 Tongetal. extension.
7,858,898 B2  12/2010 Bailey, Il et al.
2004/0238488 Al  12/2004 Choi et al. 15 Claims, 18 Drawing Sheets
Motor or
Motor Adﬂeatter t
(Adjustment)
|_—IT— 125
Upper PEZ Ri
Pperm " Upper =
Electrode
Upper Electrode i
“ b x ksl 2 1255
e xx:"xxxxx%‘
—— x X(Plasma)x X x Xy 2
Ao XX X e a
1132 1156 Wy X kX X x X ok Xy
‘\;':x x x 4% : ; :
Substrate ’1‘19 x : x y-axis
110a £ ox X xX i 114a
f RS X ......:’.‘:.é.a xX-axis
ower 1— i
Lower Electrode =”_|—1L EI:ctrude - s
Extension
12 114
/ Matching \ 112a

120

Circuit




US 9,184,030 B2

Sheet 1 of 18

Nov. 10, 2015

U.S. Patent

Alddng
~ Jamod 4y —
4] r ——T
<_\ O_H_ mN:/ 0sl Buryorep P
_
vt ZiT —
uolsusix3 Ot
apoJjos|g 601 8p0JJ23|T JaMmoT
SiXe-z e
< ! = | ‘emo7 - P
sixe-x . R R R I.ﬁl
Ll § X X X C2 €0}
sixe-A X x mrh aleJisqng
” x ” x x“ x x m\ X; %
X X K
“ X Xy Xy Xlah X it 161 a5t egll
L/ x x x x y
— X b3
L 29zl X v x ” xAm:vam_n:” X N & ||V
T~ X e x X X X 4
oz | G0Z X x GELL BGLL
9zl X Yy X X)) (443
uoIsuaIxg S - apoJjos|g Jaddn
9p0l]o9|3
Jaddn YT
\ Bury 7z3d Jeddn
szl Ih_ll_
gce
(Juswysnipy) 0101\
J18)esH
10 IOJI0N




US 9,184,030 B2

Sheet 2 of 18

Nov. 10, 2015

U.S. Patent

Aiddng
~— Jamod 4y =
zZsh _ —
. HN2IID
v ~ 0clL
m —\ MV_H_ mN:H 05l | Buyorep o
_
i ZIT __
uolsus)x3 oLl
apoJ1os[g Bpou03|3 Jamo
sixe-z = 1BMaT 601
SIxe-x w-wmm.l. ...... XS “ _ .ﬁl %
eril x X x 8 E eoL |
sIxe-A X o % mFH . a)elSqng
”x “ x ¥ x Xx / %
X x Pz L1L
x LcL J
x X BozX (ewseld) “x X% 161 a5t egl
eLLL x % x ”/x X XX .S ~ v ||,|/|4
X X
..... X e X
nomrl\u.l s 2T eS| 1
9cl Bury 73d Jeddn T
uolsusixg aposjos|] Jeddn
apoJ3os|3
Jaddn
(usuysnipy)
lejesH =
Jo IoJo L

[554
10JoN



US 9,184,030 B2

Sheet 3 of 18

Nov. 10, 2015

U.S. Patent

ol Old

sixe-z

SIXe-X

Kddng

il
uolsuaIx3
aponos|3

sixe-A

uolsus)x3
apoJios|g
Jaddn

~— Jamod 4y
251 T i
~— nnaaD
£cl ezl H 0§l Buiyore
|
o -
0Ll
601 8p0J4108|] 1oMOT
glr
alensqng
'’ / »
£t a5t
16l
. e
b6 dd _
uly Z3d J18ddn =T
apoujos|3 Jaddn
(Jusunsnlpy)
J9)eaH
JO 010N =

2[4
10J0

0ct



US 9,184,030 B2

Sheet 4 of 18

Nov. 10, 2015

U.S. Patent

[
—
~—

ort
9pO0IJO3|] JoMOT

9T
ajensqns

\\\

-\-
Gel
et ¥4
[ ] 2
' A4 /E
............ vovi
[
L]
............... Y. vy 442
" apoJ}oa[g Jaddn
‘ €4
°d
ver
Bury 73d Jeddn /F p

sIxe-z
SIXe-X
sixe-A

1L



US 9,184,030 B2

Sheet 5 of 18

Nov. 10, 2015

U.S. Patent

¢ Old

41
Alddng Jjamod 4y
_ 8cl
0ar
yolepy souepadu]
26l
dwnd wnnaep _
—_ 061
~~1 9G1 el
= vein | % \ \ %
i 4
SSL™Y 1 YA
_ eyl Zrl +—
r/P_l oIy wvo:ov_m_ 1aMmo] \\ [T ssb
— I — 1 —
ovl 4'_ PR P _ — orl
__. (o7l % il — _ —
¥cl S . 74}
W _I ydn ZF 8posPI3 Jaddn 4dn L
v ] | 1 _ 1 | | /mmwr
wmv\/ = 1 _ " l _ _
o€l \\/ Nd ||| Wd — ;|Nd Ad Nd /
S;\/ T - ; - T T el
0ez AN N H—7
zZel orl " 8rl T
@ 0CT J8y0]3 [eAsg
I
_
961 Vel _
5T — 00z
0Ll 861 I
Is]jo]u0D WalsAs Aiddng seo




US 9,184,030 B2

Sheet 6 of 18

Nov. 10, 2015

U.S. Patent

167

138

R
Pad
?
>

Z-axlis

FIG. 4



U.S. Patent Nov. 10, 2015 Sheet 7 of 18 US 9,184,030 B2

161

\

Facility 181
Position Controller System Controller Memory Device
172 170 176
Vacuum Pump or Air Input Device Output Device
Compressor
184 174 183

Paosition Mechanism
(e.g., Bellow Bladder,
etc.)

146

Upper PEZ Ring

124 FIG. 5




U.S. Patent Nov. 10, 2015 Sheet 8 of 18 US 9,184,030 B2

Bs
303

FIG. 6

X-axis
z-axis

y-axis



U.S. Patent

US 9,184,030 B2

Nov. 10, 2015 Sheet 9 of 18
185
\ System Controller
170
Motor Motor Motor
Controller Controller Controller
2084 208, 208;
| | | User Interface
System
Motor Motor Motor 204
210, 210, 2105 I
| 178, | 178, | 1783
Program Recipes
Upper Electrode Uppe_r PEZ UEE 206
122 Ring 126
122 124 126
Lower Lower PEZ
Electrode Ring LEE
] e [ e e FIG. 7A
187
\ System Controller
170
Position Position Position
Controller Controller Controller
2124 172 212,
| | | User Interface
Vacuum or Vacuum or Vacuum or System
Air Air Air 204
2144 184 214,
216 146 216
Pl Z Pk _
PM PM PM Prograr2n0§e0|pes
— — — .
193 189 201 203 207 209
_J _J _J
Upper Electrode Upﬁ’;;gEZ UEE
122 124 126
1917 205— 1262 FIG. 7B
Lower Lower PEZ
Electrode Ring Iﬁf
110 142 I




US 9,184,030 B2

Sheet 10 of 18

Nov. 10, 2015

U.S. Patent

8 Ol

0zl
lg|jonuon weishs

0ve

Vel
Bury 7z3d Jeddn

2745

Qe
Jolop

2802
Jajjonuo? Jojo

GLe



U.S. Patent Nov. 10, 2015 Sheet 11 of 18 US 9,184,030 B2

N~

///_\ \\\\

& \7 . /f\ ~\\%/ :
7
7 A1l

221
/

229

223

NN /4%
5
FIG. 9

////E

219

22\5
\\

SN

N

227



US 9,184,030 B2

Sheet 12 of 18

Nov. 10, 2015

U.S. Patent

0l "Old

_\mw

\\ _ = /// \ Il NR
AR }/ Lf %,\
)
- k/__”_: Q\RN
TTEy i ———
\\_ / x\\ _%w N
\§ S CSS SSSSS YR N SRR
NSRS % S \//// 7 N W
N\\\|zi7 A EINN

|44 122 £2e



Ll Ol

>>>>>>

WZ \\\ &\\

P// /




US 9,184,030 B2

Sheet 14 of 18

Nov. 10, 2015

U.S. Patent

¢l Old

€8¢
44

418
X
0SL
. JnoaD
Buiyojep
youmg
47
Bury
Z3d JemoT 0L 1 eponos|g JomoT

e
Bury

Z3d
Jaddn




U.S. Patent Nov. 10, 2015

Down to calibrate
and then engage

Sheet 15 of 18

Up to remove
spacer

US 9,184,030 B2

Down to ready

etching
spacer \
Ty-axis ' '
/ ‘
_z Upper Electrode Upper PEZ _,_
234 Ring 124 |
P3 =cdapacencaca PR e UEE 250
P4 --
Spacer 252, Spacer 1864 Spacer 252,
234
L \, Upper PEZ
P2 _Z Upper Electrode Ring 124 —l_
P3 ccfopacamccmccccmccccacaaeee UEE 250
) D) D)
Spacer 252, Spacer 186, Spacer 252,
/ Upper PEZ |
P Ring 124
P2 oo mee e I
Z Upper Electrode 234 /\ UEE 250
—3——5 3
Spacer 252, Spacer 1863 Spacer 252,
Upper PEZ
/ Ring 124 |
P1 ---2 --------------------------- —,—
Z Upper Electrode 234 UEE 250
—3—5 3
Spacer 252, Spacer 1864 Spacer 252,

291

FIG. 13



U.S. Patent Nov. 10, 2015 Sheet 16 of 18 US 9,184,030 B2

Spacer 254

Spacer 256 Upper PEZ

/ Ring 124

Spacer 186

FIG. 14

Spacer 254

Upper PEZ Ring 124

Spacer 186

Spacer 256

FIG. 15



US 9,184,030 B2

Sheet 17 of 18

Nov. 10, 2015

U.S. Patent

G6C

29¢ folovd

/| w /
\

1
:

Jan @ r——_——— = Bury z3d 4eddn apoJ3o9|3 Jaddn
N0 8pIIS -—
uleplgs ——»
- ///
3 Z
v92 £p9Z 16¢ 16¢



US 9,184,030 B2

Sheet 18 of 18

Nov. 10, 2015

U.S. Patent

80¢

(uoisnjoxg

8bp3)

33

(wuw) snipey

|

Ll Old

(wwgp33) vO
(wwg'L 33) €9
(wwgz 33) 29
(wwg'g33) 1D

0o9rl
000

— 020

= 00

— 090

— 080

— 00}

— 0T’}

y3 azijewlioN

(1deo) |



US 9,184,030 B2

1
EDGE EXCLUSION CONTROL WITH
ADJUSTABLE PLASMA EXCLUSION ZONE
RING

BACKGROUND

1. Field of the Invention

The present embodiments relate to wafer processing appa-
ratus, and more particularly, apparatus, methods, and com-
puter programs for edge exclusion control with adjustable
plasma exclusion zone ring.

2. Description of the Related Art

The manufacturing of integrated circuits includes immers-
ing silicon substrates (wafers) containing regions of doped
silicon in chemically-reactive plasmas, where the submicron
device features (e.g., transistors, capacitors, etc.) are etched
onto the surface. Once the first layer is manufactured, several
insulating (dielectric) layers are built on top of the first layer,
where holes, also referred to as vias, and trenches are etched
into the material for placement of the conducting intercon-
nectors. The chemically-reactive plasmas are created in a
plasma chamber. This is an illustration of use of etching.
Etching may be used to clean the substrate or remove residues
from a surface of the substrate.

As an amount of etching changes, hardware of the plasma
chamber is changed. Such change in hardware results in an
increase in cost and effort used to etch a substrate.

It is in this context that embodiments of the invention arise.

SUMMARY

Embodiments of the disclosure provide apparatus, meth-
ods and computer programs for edge exclusion control with
adjustable plasma exclusion zone ring. It should be appreci-
ated that the present embodiments can be implemented in
numerous ways, €.g., a process, an apparatus, a system, a
device, or a method on a computer readable medium. Several
embodiments are described below.

In various embodiments, an upper plasma exclusion zone
(PEZ) ring is moved independently within a plasma process-
ing chamber to clean different areas of a surface of a substrate
that are measured from a bevel edge of the substrate. The
upper PEZ ring is moved independent in a vertical direction
independent of movement of an upper electrode of the cham-
ber and movement of an upper electrode extension within the
chamber. There is no need to use different upper PEZ rings to
clean different areas of the substrate surface.

Also, sometimes, when the upper PEZ ring is clamped to
the upper electrode to move with the upper electrode, during
movement of the upper electrode, a gap between the upper
PEZ ring and the substrate increases beyond a certain dis-
tance, e.g., 0.6 millimeters (mm), to often cause unconfine-
ment of plasma within the gap. By controlling the movement
of'the upper PEZ ring independent of movement of the upper
electrode, the gap is controlled to avoid the increase in the
distance. The smaller the gap, the less the plasma encroach-
ment, which leads to a smaller edge exclusion of a surface
area of the substrate from a bevel edge of the substrate. The
edge exclusion occurs to perform a processing operation, e.g.,
cleaning operation, etching operation, depositing operation,
etc. on the surface area from the bevel edge. The larger the
gap, the more the plasma encroachment, which leads to a
large edge exclusion. In a number of embodiments, a gap
between the upper electrode and the substrate is maintained
between 0.35-0.4 mm and the upper PEZ ring is moved to
control edge exclusion and to avoid plasma unconfinement
issues. Also, in various embodiments, a gap between the
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2

upper electrode extension and the substrate is maintained
between 0.35-0.4 mm and the upper PEZ ring is moved to
control edge exclusion and to avoid plasma unconfinement
issues.

In anumber of embodiments, a plasma chamber includes a
lower electrode having a surface for supporting a substrate.
The lower electrode is coupled with a radio frequency (RF)
power supply. The plasma chamber further includes an upper
electrode disposed over the lower electrode. The upper elec-
trode is electrically grounded. The plasma chamber includes
an upper dielectric ring surrounding the upper electrode. The
upper dielectric ring is adjusted using a mechanism for setting
a vertical position of the upper dielectric ring. The plasma
chamber includes an upper electrode extension surrounding
the upper dielectric ring. The upper electrode extension is also
electrically grounded. The plasma chamber includes a lower
dielectric ring surrounding the bottom electrode. The lower
dielectric ring is set at a level that is below a level of the
surface of the lower electrode. The plasma chamber includes
a lower electrode extension surrounding the lower dielectric
ring. The lower electrode extension is arranged opposite the
upper electrode extension. An edge processing region is
defined between the upper and lower dielectric rings and the
upper and lower electrode extensions. When the substrate is
present on the surface of the lower electrode, an edge of the
substrate extends into the edge processing region.

In various embodiments, a plasma processing chamber is
described. The plasma processing chamber includes a lower
electrode having a surface for supporting a substrate. The
lower electrode is coupled with a radio frequency (RF) power
supply. The plasma processing chamber includes an upper
electrode disposed over the lower electrode. The upper elec-
trode is electrically grounded. The plasma processing cham-
ber further includes an upper dielectric ring surrounding the
upper electrode. The upper dielectric ring is moved using a
mechanism for setting a vertical position of the upper dielec-
tric ring separate from a position of the upper electrode. The
plasma processing chamber further includes an upper elec-
trode extension surrounding the upper dielectric ring. The
upper electrode extension is electrically grounded. The
plasma processing chamber also includes a lower electrode
extension surrounding the lower dielectric ring. The lower
electrode extension is arranged opposite the upper electrode
extension. An edge processing region is defined between the
upper and lower electrode extensions. When the substrate is
present on the surface of the lower electrode, an edge of the
substrate extends into the edge processing region.

In one embodiment, a plasma processing chamber for
bevel edge cleaning is described. The plasma processing
chamber includes an upper electrode, a lower electrode posi-
tioned below the upper electrode, and an upper plasma exclu-
sion zone (PEZ) ring peripheral to the upper electrode. The
upper PEZ ring is settable to multiple positions toward or
away from the lower electrode without vertical adjustment of
the upper electrode. The plasma processing chamber further
includes an upper electrode extension peripheral to the upper
PEZ ring and a lower electrode extension surrounding the
lower electrode.

In a number of embodiments, a system for controlling a
size of an edge processing region is described. The system
includes an upper electrode, an upper PEZ ring configured to
reduce an effect of plasma on the upper electrode, a system
controller configured to generate signals regarding a first
position and a second position of the upper PEZ ring, an
actuator, and a position controller. The position controller is
configured to control the actuator based on the signals to
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achieve the first position and the second position. The firstand
second positions are achieved independent of movement of
the upper electrode.

In several embodiments, a method for bevel edge cleaning
is described. The method includes positioning a lower elec-
trode below an upper electrode, placing an upper electrode
extension peripheral to the upper electrode, placing a lower
electrode extension peripheral to the lower electrode, and
situating an upper PEZ ring between the upper electrode and
the upper electrode extension. The method further includes
engaging the PEZ ring with multiple positions while main-
taining the upper electrode at a position.

Other aspects will become apparent from the following
detailed description, taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings.

FIG. 1A is a diagram of a system for changing a gap
associated with an edge processing region, in accordance
with an embodiment of the invention.

FIG. 1B is a diagram of a system in which a gap associated
with an edge processing region is different than that in FIG.
1A, in accordance with an embodiment of the invention.

FIG. 1C is a diagram of a system in which a gap associated
with an edge processing region is different than that in FIGS.
1A and 1B, in accordance with an embodiment of the inven-
tion.

FIG. 2 is a diagram of a system for using an upper plasma
exclusion zone (PEZ) ring to generate various gaps G1 thru
G4 to create various edge processing regions, in accordance
with an embodiment of the invention.

FIG. 3 is a diagram of a system for generating various gaps
between a lower PEZ ring and the upper PEZ ring, in accor-
dance with an embodiment of the invention.

FIG. 4 is a top view of a portion of an upper electrode
assembly and a portion of a lower electrode assembly, in
accordance with an embodiment of the invention.

FIG. 5 is a block diagram of a system for controlling a
position of the upper PEZ ring via a positioning mechanism,
in accordance with an embodiment of the invention.

FIG. 6 is an isometric view of the upper PEZ ring, in
accordance with an embodiment of the invention.

FIG. 7A is a block diagram of a system for using multiple
electric motors to control a position of the upper PEZ ring
independent of control of positions of an upper electrode and
an upper electrode extension (UEE), in accordance with an
embodiment of the invention.

FIG. 7B is a block diagram of a system for using multiple
positioning mechanisms to control a position of the upper
PEZ ring independent of control of positions of an upper
electrode and an upper electrode extension (UEE), in accor-
dance with an embodiment of the invention.

FIG. 8 is a block diagram of a system for controlling a
position of the upper PEZ ring via a motor, in accordance with
an embodiment of the invention.

FIG. 9 is a cross-sectional view of an embodiment of a
plasma processing chamber, in accordance with an embodi-
ment of the invention.

FIG. 10 is a zoom-in of the cross-section view of the
plasma processor chamber of FIG. 9, in accordance with an
embodiment of the invention.
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FIG. 11 is a cross-sectional view of a portion of a plasma
processing chamber, in accordance with an embodiment of
the invention.

FIG. 12 is a diagram of a system for generating plasma
within an edge processing region, in accordance with an
embodiment of the invention.

FIG. 13 is a diagram of a system for calibrating and using
spacers to determine positions of the upper PEZ ring within a
plasma processing chamber, in accordance with an embodi-
ment of the invention.

FIG. 14 is an isometric view of the upper PEZ ring that is
supported by multiple spacers, in accordance with an embodi-
ment of the invention.

FIG. 15 is atop view of the upper PEZ ring that is supported
by the spacers, in accordance with an embodiment of the
invention.

FIG. 16 is a diagram of an embodiment of a system in
which an upper PEZ ring is equipped with tensioners to
achieve one or more positions, in accordance with an embodi-
ment of the invention.

FIG. 17 is a graph thatis aplot of normalized etch rate (ER)
versus a radius on a substrate, in accordance with an embodi-
ment of the invention.

DETAILED DESCRIPTION

The following embodiments describe systems and meth-
ods for edge exclusion control with movement of plasma
exclusion zone ring. It will be apparent that the present
embodiments may be practiced without some or all of these
specific details. In other instances, well known process opera-
tions have not been described in detail in order not to unnec-
essarily obscure the present embodiments.

FIG. 1A is a diagram of an embodiment of a system 120 for
changing a gap associated with an edge processing region
111. The system 120 includes an upper electrode assembly,
which further includes an upper electrode 122, an upper
plasma exclusion zone (PEZ) ring 124, and an upper elec-
trode extension (UEE) 126, which has a lower surface 1264 at
alevel 1264. It should be noted that in some embodiments, a
PEZ ring and a “dielectric ring” are used interchangeably
herein. The upper PEZ ring 124 is located horizontally
between the upper electrode 122 and the UEE 126. Also, the
upper PEZ ring 124 is located at a periphery of the upper
electrode 122. The upper PEZ ring 124 shields, e.g., protects,
the upper electrode 122 from plasma generated within the
edge processing region 111. For example, the upper PEZ ring
124 reduces an effect of plasma on the upper electrode 122.
The UEE 126 is located at a periphery of the upper PEZ ring
124. The upper PEZ ring 124 horizontally surrounds the
upper electrode 122 and the UEE 126 horizontally surrounds
the upper PEZ ring 124.

The upper PEZ ring 124 lacks a flange and the upper
electrode 122 also lacks a flange that engages with the flange
of'the upper PEZ ring 124 to clamp the upper PEZ ring 124.
For example, the upper PEZ ring 124 is of a polygonal shape,
e.g., square, rectangle, etc. In various embodiments, the upper
electrode 122 acts as a dielectric. The UEE 126 is formed of
aluminum, pure silicon (Si), chemical vapor deposited
(CVD) Si, or any suitable high-purity conductive material.

The system 120 further includes a lower electrode assem-
bly, which further includes a lower electrode 110, a lower
PEZ ring 112, and a lower electrode extension (LEE) 114,
which has a top surface 114a. The lower electrode 110 is
located below the upper electrode 122. A gap 115a is formed
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between a level 113a of a bottom surface 191 of the upper
electrode 122 and a level 110a of a top surface of the lower
electrode 110.

The lower PEZ ring 112 is located horizontally between the
lower electrode 110 and the LEE 114. For example, the lower
PEZ ring 112 is located at a periphery of the lower electrode
110 and the LEE 114 is located at a periphery of the lower
PEZ ring 112. The LEE 114 horizontally surrounds the lower
PEZ ring 112 and the lower PEZ ring 112 horizontally sur-
rounds the lower electrode 110. A substrate 116 is situated on
the lower electrode 110 for cleaning the substrate 116. A gap
109 is formed between a top surface 112a of the lower PEZ
ring 112 and a lower surface of the substrate 116.

In various embodiments, the top surface 112a of the lower
PEZ ring 112 is set at a level that is below the level 110a of the
top surface of the lower electrode 110. In a number of
embodiments, the top surface 112a of the lower PEZ ring 112
is set at a level that is same as the level 1104 of the top surface
of the lower electrode 110.

In several embodiments, the top surface 1144 of the lower
electrode extension 114 is at a level higher than a level of the
top surface 112a of the lower PEZ ring 112. In various
embodiments, top surface 114a of the lower electrode exten-
sion 114 is at a level lower than or same as the level of the top
surface 1124 of the lower PEZ ring 112.

Examples of cleaning operations include removing resi-
dues, e.g., polymers, from a top surface of substrate 116 up to
0.5 millimeters (mm) from the edge 119, removing Tungsten/
Titanium Nitride (W/TiN) layers from the top surface of
substrate 116 up to 1 mm from the edge 119, and/or removing
oxide/nitride on the top surface of substrate 116 from the edge
119 up to a distance from the edge 119. The residues may be
created during fabrication of the substrate 116 and/or electri-
cal circuitry on top of the substrate 116. All cleaning opera-
tions are performed using the same upper PEZ ring 124 and
by moving the upper PEZ ring 124 between different posi-
tions, which are described below. In several embodiments,
any other operation, e.g., etching, depositing, etc., is per-
formed on the substrate 116 with the system 120.

Each of the lower electrode 110 and the LEE 114 is formed
of'a metal, e.g., anodized aluminum, an aluminum alloy, etc.
Moreover, each of the upper PEZ ring 124 and the lower PEZ
ring 112 is fabricated from an electrically conductive, semi-
conductive or dielectric material. For example, each of the
upper PEZ ring 124 and the lower PEZ ring 112 is made of a
dielectric material, e.g., aluminum oxide (Al,O;), aluminum
nitride (AIN), silicon oxide (Si0,), silicon carbide (SiC),
silicon nitride (Si;N,), silicon (Si), and yttria (Y,O;). In
several embodiments, each of the upper PEZ ring 124 and the
lower PEZ ring 112 is a composite ring of metal, ceramic or
polymer coated with a conductive or dielectric material.

An edge exclusion region 121 is formed between a portion
117 on the substrate 116 and an edge 119 of the substrate 116.
For example, the edge exclusion region 121 ranges from less
than 1 mm to 2 mm on the substrate 116 from the edge 119. As
another example, the edge exclusion region 121 ranges from
less than 0.5 mm to 2 mm on the substrate 116 from the edge
119. In various embodiments, the portion 117 is a circle that
extends along a periphery of the substrate 116. In several
embodiments, an opposite edge 123 of the lower PEZ ring
112 is aligned with an edge 125 of the upper PEZ ring 124
along a y-axis. The edge 123 is located opposite to the edge
117. In a number of embodiments, the edge 123 lacks align-
ment with the edge 125. Various residues, e.g., polymers are
removed from the edge exclusion region 121 using plasma
that is generated within an edge processing region. In a num-
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ber of embodiments, the edge exclusion region 121 lacks
electrical circuitry, e.g., transistors, capacitors, resistors, etc.

When a process gas is supplied within an edge processing
region 111, a radio frequency (RF) power supply 152 supplies
RF power via an impedance matching circuit 150 to the lower
electrode 110. Also, each of the upper electrode 122, the UEE
126, and the LEE 114 are grounded. The edge processing
region 111 is located between the upper PEZ ring 124, the
lower PEZ ring 112, the UEE 126, and the LEE 114.
Examples of the process gas are provided below. When the
process gas and the RF power are supplied, plasma is struck in
the edge processing region 111.

A motor 238 is used to move the upper electrode 122. The
motor 238 is other than a motor or aheater that is used to move
the upper PEZ ring 124. For example, the motor 238 operates
to change a position of the upper electrode 122 independent of
the motor or heater that operates to change a position of the
upper PEZ ring 124. As another example, there is no need to
operate the motor 238 when the motor or heater is operated to
change a position of the upper PEZ ring 124.

In various embodiments, the upper PEZ ring 124 is moved
independent of movement of the upper electrode 122 to facili-
tate a difference between the level 1134 of the bottom surface
191 of the upper electrode 122 and a level 1135 of a bottom
surface 205 of the upper PEZ ring 124. The difference
between the levels 113a and 1135 is measured along the
y-axis. In anumber of embodiments, when the bottom surface
205 of the upper PEZ ring 124 is at the level 1135, the upper
PEZ ring 124 is recessed away from the level 113a of the
upper electrode 122 in a vertical direction away from the
lower PEZ ring 112. The upper PEZ ring 124 is recessed away
by the motor or heater coupled with the upper PEZ ring 124.

In several embodiments, the upper PEZ ring 124 is moved
independent of movement of the UEE 126 to facilitate a
difference between the level 1265 of the bottom surface 126a
of'the UEE 126 and the level 1135 of the upper PEZ ring 124.
The difference between the level 1265 of the bottom surface
126a and the level 1135 is measured along the y-axis. In a
number of embodiments, when the bottom surface 205 of the
upper PEZ ring 124 is at the level 1135, the upper PEZ ring
124 is recessed away from the level 1265 of the bottom
surface 1264 ofthe UEE 126 in a vertical direction away from
the lower PEZ ring 112.

In several embodiments, a gap 1156 between the lower
surface of the upper electrode 122 and a top surface of the
substrate 116 is maintained to not allow plasma from
encroaching between the upper electrode 122 and the lower
electrode 110. For example, the gap 11554 is less than 1 mm.
As another example, the gap 1155 is less than 0.4 mm. As yet
another example, the gap 1155 is less than 0.6 mm.

FIG. 1B is a diagram of an embodiment of the system 120
in which a gap associated with an edge processing region is
different than that in FIG. 1A. As shown in FIG. 1B, the
bottom surface 205 of the upper PEZ ring 124 is at the same
level 113a as that ofthe upper electrode 122. For example, the
bottom surface 205 of the upper PEZ ring 124 is coplanar with
the lower surface 191 of the upper electrode 122. The motor
or heater coupled with the upper PEZ ring 124 moves the
upper PEZ ring 124 to achieve the level 113a or any other
level.

Also, an edge processing region 111a has a smaller volume
than that of the edge processing region 111 (FIG. 1A) when a
distance between the level 1134 (FIG. 1A) and the lower PEZ
ring 112 is less than a distance between the level 1135 and the
lower PEZ ring 112. For example, plasma within the edge
processing region 111a encroaches upon a lesser surface area
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on atop surface of the substrate 116 within the edge exclusion
region 121 than that encroached by plasma within the edge
processing region 111.

In a number of embodiments, the bottom surface 205 of the
upper PEZ ring 124 is at the same level 113a as that of level
1265 of the bottom surface 1264 of the UEE 126. In various
embodiments, the bottom surface 205 of the upper PEZ ring
124 is at the same level as that of the bottom surface 126a of
the UEE 126 and of the bottom surface 191 of the upper
electrode 122.

FIG. 1C is a diagram of an embodiment of the system 120
in which a gap associated with an edge processing region is
different than that in FIG. 1A and than that in FIG. 1B. As
shown in FIG. 1C, the bottom surface 205 of the upper PEZ
ring 124 is below the level 1134 of the upper electrode 122.
The upper PEZ ring 124 is moved to protrude past the level
113a of the upper electrode 122 in a downward vertical direc-
tion toward the lower PEZ ring 112 to achieve a level 113c.
Also, an edge processing region 1115 has a smaller volume
than that of the edge processing region 111a (FIG. 1B) when
a distance between the level 113¢ and the lower PEZ ring 112
is less than a distance between the level 113a (FIG. 1B) and
the lower PEZ ring 112. For example, plasma within the edge
processing region 1115 encroaches upon a lesser surface area
on atop surface of the substrate 116 within the edge exclusion
region 121 than that encroached by plasma within the edge
processing region 111a.

In a number of embodiments, the bottom surface 205 of the
upper PEZ ring 124 is below the level 1265 of the bottom
surface 126a of the UEE 126. In various embodiments, the
bottom surface 205 of the upper PEZ ring 124 is between a
level of the lower surface 191 of the upper electrode 122 and
a level of the lower surface 126a of the UEE 126.

FIG. 2 is a diagram of an embodiment of a system 131 for
using the upper PEZ ring 124 to generate various gaps G1 thru
(G4 to create various edge processing regions. With change in
the gaps, a surface area of a top surface of the substrate 116
within the edge exclusion zone 121 that is encroached by
plasma within an edge processing region changes. For
example, when the gap between the upper PEZ ring 124 and
the substrate 116 changes from G2 to G1, top surface area of
the substrate 116 that is encroached by plasma within an edge
processing region increases. As another example, when the
gap between the upper PEZ ring 124 and the substrate 116
changes from G3 to G4, top surface area of the substrate 116
that is encroached by plasma within an edge processing
region decreases.

When the gap G1 is created, an amount of etching occurs
on a surface area Al at a distance D1 from the edge 119.
Moreover, when the gap G2 is created, an amount of etching
occurs on a surface area A2 at a distance D2 from the edge
119. Also, when the gap G3 is created, an amount of etching
occurs on a surface area A3 at a distance D3 from the edge
119. When the gap G4 is created, an amount of etching occurs
on a surface area A4 at a distance D4 from the edge 119.

Each gap G1, G2, G3, and G4 is formed between a bottom
surface 205 of the upper PEZ ring 124 and a top surface 135
of the substrate 116. The upper PEZ ring 124 is moved
between four different positions, e.g., P1 thru P4, to generate
the gaps G1 thru G4. As shown, in various embodiments,
there is lack of movement, e.g., vertical movement, of the
upper electrode 122 and/or the UEE 126 during movement of
the upper PEZ ring 124 between the four different positions
P1 thru P4. There is no need to move the upper electrode 122
and/or the UEE 126 at a time the upper PEZ ring 124 is moved
between the four positions P1 thru P4.
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In a variety of embodiments, the upper electrode 122 is
moved between the four positions P1 thru P4 simultaneous
with movement of the upper PEZ ring 124 between the posi-
tions P1 thru P4. For example, the upper electrode 122 is
moved to a different position than a position of the upper PEZ
ring 124. For example, the upper electrode 122 is moved to
the position P4 and the upper PEZ ring 124 is moved to the
position P3. As another example the upper electrode 122 is
moved to the position P1 and the upper PEZ ring 124 is moved
to the position P2. In several embodiments, the upper elec-
trode 122 and the upper PEZ ring 124 are moved to the same
position simultaneously.

The change in the positions P1 thru P4 changes the gaps G1
thru G4. The change in the gaps G1 thru G4 changes a surface
area of substrate 116 that is encroached upon by plasma
within an edge processing region. For example, as the gap
changes from G1 thru G4, the surface area changes from Al
thru A4 and a lower amount of plasma than that encroached
by the plasma within the gap G1 encroaches on the substrate
116. As another example, as the gap changes to G3, the
surface area changes to A3.

It should be noted that the above-described embodiments
are described with respect to four gaps G1 thru G4, four
positions P1 thru P4, and four surface arcas Al thru A4. In
several embodiments, the embodiments may be described
with respect to any number of gaps and the number is the same
as that of positions of the upper PEZ ring 124 and surface
areas of the substrate 116 from the edge 119.

FIG. 3 is a diagram of an embodiment of a system 128 for
generating various gaps between a lower PEZ ring 142 and
the upper PEZ ring 124. The system 128 includes a bevel
etcher 130, a system controller 170, and a gas supply 198. As
used herein, the terms controller, central processing unit,
processor, microprocessor, application specific integrated
circuit, and programmable logic device are used interchange-
ably. The system 128 further includes the impedance match-
ing circuit 150, the RF power supply 152, and a vacuum pump
192.

The system controller 170 sends a signal to the gas supply
198 to supply the process gas via a center gas feed 194 to an
upper electrode 122 within the bevel etcher 130. The upper
electrode 122 is coupled with ground, e.g., a ground voltage.
The process gas is supplied via the upper electrode 122 to a
gap 137 between the upper electrode 122 and the bottom
electrode 110 of the bevel etcher 130 to clean the substrate
116 (FIG. 2). Examples of the process gases include an oxy-
gen-containing gas, such as O,. Other examples of the pro-
cess gas include a fluorine-containing gas, e.g., CF,, SF,
C,F,, etc.

When the process gas is supplied within the gap 137 and a
signal is received by the RF power supply 152 from the
system controller 170, the RF power supply 152 provides an
RF power via the impedance matching circuit 150 to the lower
electrode 110 to energize the gas to generate plasma within
the gap 137. The electrodes 122 and 110 are centered with
respect to a center line 200. In several embodiments, the RF
power supply 152 supplies power at frequencies ranging from
2 megahertz (MHz) to 60 MHz. In various embodiments,
instead of the RF power supply 152, multiple RF power
supplies of different frequencies, e.g., a first RF power supply
operated at 2 MHz, a second RF power supply operated at 27
MHz, and a third power supply operated at 60 MHz, are
coupled with the impedance matching circuit 150 to supply
RF power to the lower electrode 110.

Similarly, when a signal is received from the system con-
troller 170, the gas supply 198 supplies the process gas via an
edge gas feed 196 to an UEE 138 of the bevel etcher 130. The
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UEE 138 is coupled with ground. The process gas enters a gap
139 between the UEE 138 and an LEE 140. The LEE 140 is
grounded via a lower metal collar 157. An example of the
lower metal collar is provided in U.S. Pat. No. 7,858,898,
which is incorporated by reference herein in its entirety.

When the process gas is supplied within the gap 139, the
RF power supply 152 supplies RF power via the impedance
matching circuit 150 and the lower electrode 110 to the LEE
140 to energize the process gas within the gap 139. When the
process gas within the gap 139 is energized by RF power of
the RF power supply 152, plasma is generated within the gap
13910 clean abevel edge of the substrate 116 (FI1G. 2). The RF
power supply 152 supplies RF power to the lower electrode
110 upon receiving a signal from the system controller 170.
The impedance matching circuit 150 matches an impedance
of the RF power supply 152 with an impedance of plasma
created within the gap 137 or 139.

The bevel etcher 130 includes a plasma chamber 136 that
has a top wall 132, a bottom wall 134 and two side walls 143
and 145. In several embodiments, at least a portion of the
bottom wall 134 is integrally form with at least a portion of the
side wall 143 and at least a portion of the side wall 145. In
various embodiments, at least a portion of the top wall 132 is
integrally formed with at least a portion of the side wall 143
and at least a portion of the side wall 145.

The plasma chamber 136 includes an upper metal compo-
nent 230 that is grounded to couple the upper electrode 122
and the UEE 138 with ground. A plurality of positioning
mechanisms 144, 146, and 148 are located within the upper
metal component 230. For example, the positioning mecha-
nisms 144, 146, and 148 are embedded within the upper metal
component 230. Examples of a positioning mechanism
include a bellow and a bladder. A positioning mechanism is
made of one or more metals, e.g., aluminum, metal alloys,
ferrous metals, etc.

In several embodiments, instead of the positioning mecha-
nisms 144, 146, and 148, links are located within the upper
metal component 230. Examples of links include a lead
screw, a rod, a toothgear, and a pinset. Also, links are made of
one or more metals. A further description of links is provided
below. A link or a positioning mechanism is sometimes
referred to herein as a driver.

In a number of embodiments, instead of the positioning
mechanisms 144, 146, and 148, three separate heating ele-
ments, e.g., heaters, are used to control movement of the
upper PEZ ring 124, the upper electrode 122, and the UEE
126. The heating element that is attached to the upper PEZ
ring 124 is coupled with a power supply and the power supply
is controlled by the system controller 170. The system con-
troller 170 turns on the power supply, which then provides
power to the heating element. When the heating element is
provided with power, the heating element heats to push down
on the upper PEZ ring 124 to move the upper PEZ ring 124
vertically downward, e.g., from the position P1 to the position
P2, from the position P2 to the position P3, or from the
position P3 to the position P4. Similarly, the system controller
170 turns off the power supply, which then stop supplying
power to the heating element. The heating element cools to
move the upper PEZ ring 124 vertically upward e.g., from the
position P4 to the position P3, from the position P3 to the
position P2, or from the position P2 to the position P1. In a
number of embodiments, a heating element, a link, and a
positioning mechanism are examples of a mechanism to
adjust a position of the upper PEZ ring 124.

Similarly, a heating element is attached to the upper elec-
trode 122 to control movement of the upper electrode 122 and
another heating element is attached to the UEE 138 to control
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movement of the UEE 138. Each of heating element attached
to the upper electrode 122 and heating element attached to the
UEE 138 is controlled in a similar manner as that of the
heating element attached to the upper PEZ ring 124. For
example, the heating element attached to the upper electrode
122 is supplied with power under control of the system con-
troller 170. The heating element, in this example, expands to
change position of the upper electrode 122.

The upper metal component 230 is adjacent to the top wall
132. The UEE 138, the upper PEZ ring 124, the upper elec-
trode 122 are fastened, e.g., screwed, bolted, etc., to the upper
metal component 230.

The lower electrode 110 is supported on a support 190. For
example, the lower electrode 110 is attached to the support
190. Examples of a support are provided in U.S. Pat. No.
7,858,898.

In several embodiments, an upper ring, made of a dielectric
material, surrounds the UEE 138. In various embodiments, a
lower ring, made of a dielectric material, surrounds the LEE
140.

The upper metal component 230, the top wall 132, UEE
138, the upper PEZ ring 124, the upper electrode 122, the side
walls 143 and 145, the bottom wall 134, the LEE 140, the
lower PEZ ring 142, the lower electrode 110, the support 190,
and the lower metal collar 157 are parts of the plasma cham-
ber 136. The bevel etcher 130 includes the plasma chamber
136. In various embodiments, the bevel etcher 130 includes
the plasma chamber 136, a portion of the positioning mecha-
nism 148 or a portion of a link that is coupled with the upper
electrode 122.

The positioning mechanism 146 operates independent of
operation of the positioning mechanism 148 and/or the posi-
tioning mechanism 144. For example, the positioning mecha-
nism 146 moves the upper electrode 122 to a vertical position
different than a vertical position to which the upper PEZ ring
124 and/or different than a vertical position to which the UEE
138 is moved. The positioning mechanism 148 is operated to
move the upper electrode 122 and the positioning mechanism
144 is operated to move the UEE 138.

The positioning mechanism 144 is controlled by the sys-
tem controller 170 via a vacuum pump and/or an air compres-
sor and via a position controller in a similar manner in which
the positioning mechanism 146 is controlled by the system
controller 170 via a vacuum pump and/or an air compressor
and via a position controller. Similarly, the positioning
mechanism 148 is controlled by the system controller 170 via
a vacuum pump and/or an air compressor and via a position
controller in a similar manner in which the positioning
mechanism 146 is controlled by the system controller 170 via
a vacuum pump and/or an air compressor and via a position
controller.

After a processing operation, e.g., a cleaning operation, an
etching operation, a deposition, is performed on the substrate
116 (FIG. 2), the plasma within the gap 137 and/or 139 and/or
the process gas is withdrawn from the plasma chamber 136
through a plurality of holes into a bottom space 155 and then
to a vacuum pump 192. The vacuum pump 192 creates
vacuum in the bottom space 155 upon receiving a signal from
the system controller 170.

FIG. 4 is a top view of an embodiment of a portion of the
upper electrode assembly and a portion of the lower electrode
assembly. The portion of the upper electrode assembly
includes the UEE 138, the upper PEZ ring 124, and the upper
electrode 122. The lower electrode assembly includes the
LEE 140, the lower PEZ ring 142, and the lower electrode
110. The center line 200 passes through a center of upper
electrode 122 and a center of the lower electrode 110. In
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various embodiments, the center of the upper electrode 122
coincides with a centroid of the UEE 138 and of the upper
PEZ ring 124. In a number of embodiments, the center of the
lower electrode 110 coincides with a centroid of the LEE 140
and of the lower PEZ ring 142.

In a variety of embodiments, an edge 163 of the UEE 138
is aligned along the y-axis with an edge 169 of the LEE 140.
The alignment is indicated by a line 175. In various embodi-
ments, an edge 165 of the upper PEZ ring 124 is aligned along
the y-axis with an edge 171 of the lower PEZ ring 142. The
alignment is indicated by a line 177. In several embodiments,
an edge 167 of the upper electrode 122 is aligned along the
y-axis with an edge 173 of the lower electrode 140. The
alignment is indicated by a line 179. The line 175 is tangential
to the edges 163 and 169, the line 177 is tangential to the
edges 165 and 171, and the line 179 is tangential to the edges
167 and 173. In some embodiments, the edge 163 lacks align-
ment with the edge 169, the edge 165 lacks alignment with the
edge 171, and/or the edge 167 lacks alignment with the edge
173.

FIG. 5 is a block diagram of an embodiment of a system
161 for controlling a position of the upper PEZ ring 124 via
the positioning mechanism 146. The system 161 includes a
facility 181, e.g., a room, a building, etc., in which the system
controller 170, an input device 174, a memory device 176,
and an output device 183 are situated. Examples of a memory
device include a random access memory (RAM) and a read-
only memory (ROM). Other examples of a memory device
include a flash memory, a compact disc, a magnetic memory,
and a hard disk. Examples of an input device include a mouse,
akeyboard, a stylus, a keypad, and a touchscreen. The output
device 183 may be a display device, e.g., a cathode ray tube
display, a liquid crystal display, a light emitting diode display,
plasma display, etc.

The memory device 176 stores program recipes to process
the substrate 116 (FIG. 2). Examples of program recipes
include temperature to be maintained with the processing
chamber 136 (FIG. 3), pressure to be maintained within the
processing chamber 136, amount of the process gas to be
supplied within the gap 137 and/or 139 (FIG. 3), a frequency
of the RF power supply 152 (FIG. 3), amount of power sup-
plied by the RF power supply 152, position of the upper
electrode 122 (FIG. 3), position of the UEE 138 (FIG. 3),
position of the upper PEZ ring 124, times at which signals are
provided to activate the RF power supply 152 to supply RF
power, times at which signals are provided to activate the
vacuum pump 192 (FIG. 3) to create vacuum, and times at
which signals are provided to activate the gas supply 198 to
supply the process gas. The system controller 170 retrieves
the program recipes from the memory device 176 and oper-
ates the gas supply 198, the RF power supply 152, the posi-
tioning mechanisms 144, 146, and 148, and the vacuum pump
192 according to the program recipes. In several embodi-
ments, the program recipes are received from a user via the
input device 174.

Upon determining that plasma is created within the gap
139 (FIG. 3), the system controller 170 retrieves a position,
such as the position P1, P2, P3, or P4, of the upper PEZ ring
124 with respect to the y-axis from the memory device 176
and provides the position to a position controller 172. The
position controller 172 forwards the position of the upper
PEZ ring 124 to a vacuum pump and/or air compressor 184.
The vacuum pump and/or air compressor 184 creates amount
of vacuum and/or air compression within the positioning
mechanism 146 to achieve the position of the upper PEZ ring
124 specified by the system controller 170.
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FIG. 6 is an isometric view of an embodiment of the upper
PEZ ring 124. The upper PEZ ring 124 is controlled at three
different points 1, 2, and 3 to achieve a position, e.g., P1, P2,
P3, or P4, with respect to the y-axis. Three separate links
242, 242,, and 242, are attached to the points 1, 2, and 3 to
control positions of the upper PEZ ring 124 at the points 1, 2,
and 3. For example, the link 242 is attached to the point 1, the
link 242, is attached to the point 2, and the link 242, is
attached to the point 3.

In several embodiments, instead of the links 242,, 242,,
and 242, three separate positioning mechanisms or three
separate heating elements are attached to the upper PEZ ring
124 at surface areas B1, B2, and B3 on atop surface 303 ofthe
upper PEZ ring 124. Each positioning mechanism is coupled
with the system controller 170 via a different vacuum pump
and/or air compressor and a different position controller.

FIG. 7A is a block diagram of an embodiment of a system
185 for controlling a position of the upper PEZ ring 124
independent of control of positions of the upper electrode 122
and the UEE 126. The system controller 170 receives pro-
gram recipes 206 via a user interface system 204, e.g., the
output device 183 (FIG. 5). The program recipes 206 are
described above. In addition, the program recipes 206 include
a number of rotations to be executed by a motor 210, to
achieve the position P1, P2, P3, or P4 of the upper PEZ ring
124. The program recipes 206 further include a number of
rotations to be executed by a motor 210, to achieve a position
of the upper electrode 122 and a number of rotations to be
executed by a motor 210, to achieve a position of the UEE
126.

Upon retrieving the program recipes 206 from the memory
device 176 (FIG. 5), the system controller 170 sends a signal
to a motor controller 208, , sends a signal to a motor controller
208, and sends a signal to a motor controller 208;. The signal
sent to the motor controller 208, includes a number of rota-
tions of the motor 210, to achieve a vertical position, along
the y-axis, of the upper electrode 122. Moreover, the signal
sent to the motor controller 208, includes a number of rota-
tions of the motor 210, to achieve a vertical position, along
the y-axis, of the upper PEZ ring 124. Also, the signal sent to
the motor controller 208, includes a number of rotations of
the motor 210, to achieve a vertical position, along the y-axis,
of the UEE 126.

The motor 210, rotates a number of rotations that is
received from the motor controller 208, . Similarly, the motor
210, rotates a number of rotations that is received from the
motor controller 208, and the motor 210, rotates a number of
rotations that is received from the motor controller 208,.

When the motor 210, rotates, a link 178, that is attached to
the motor 210, also rotates. The link 178, forms a mating
connecting with the upper electrode 122. For example, the
link 178, includes screw threads and complementary threads
are formed within the upper electrode 122 to allow the upper
electrode 122 to move vertically along the y-axis with the
rotation of the link 178, .

Similarly, when the motor 210, rotates, a link 178, that is
attached to the motor 210, also rotates. For example, when the
motor 210, rotates in a clockwise direction, the link 178,
rotates in the clockwise direction and when the motor 210,
rotates in a counterclockwise direction, the link 178, rotates
in the counterclockwise direction. The link 178, forms a
mating connecting with the upper PEZ ring 124. For example,
the link 178, includes screw threads and complementary
threads are formed within the upper PEZ ring 124 to allow the
upper PEZ ring 124 to move vertically along the y-axis with
the rotation of the link 178,,.
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Also, when the motor 210, rotates, a link 178, that is
attached to the motor 210, also rotates. The link 178, forms a
mating connecting with the UEE 126. For example, the link
178, includes screw threads and complementary threads are
formed within the UEE 126 to allow the UEE 126 to move
vertically along the y-axis with the rotation of the link 178;.

In a number of embodiments, when the link 178, rotates in
the clockwise direction for a number of rotations, the upper
PEZ ring 124 achieves the position P1 between the upper
electrode 122 and the UEE 126. Moreover, when the link 178,
rotates further in the clockwise direction for a number of
rotations, the upper PEZ ring 124 achieves the position P2
between the upper electrode 122 and the UEE 126. Also,
when the link 178, rotates further in the clockwise direction
for anumber of rotations, the upper PEZ ring 124 achieves the
position P3 between the upper electrode 122 and the UEE
126. When the link 178, rotates further in the clockwise
direction for a number of rotations, the upper PEZ ring 124
achieves the position P4 between the upper electrode 122 and
the UEE 126.

Similarly, when the link 178, rotates in the counterclock-
wise direction for a number of rotations, the upper PEZ ring
124 achieves the position P3 between the upper electrode 122
and the UEE 126 from the position P4. Moreover, when the
link 178, rotates further in the counterclockwise direction for
a number of rotations, the upper PEZ ring 124 achieves the
position P2 between the upper electrode 122 and the UEE 126
from the position P3. Also, when the link 178, rotates further
in the counterclockwise direction for a number of rotations,
the upper PEZ ring 124 achieves the position P1 between the
upper electrode 122 and the UEE 126 from the position P2.
When the link 178, rotates further in the clockwise direction
for a number of rotations, the upper PEZ ring 124 loses its
position between the upper electrode 122 and the UEE 126.

A link is connected to a motor via a connection mechanism,
e.g., gears. For example, the link 178, is connected to the
motor 210, via a connection mechanism, the link 178, is
connected to the motor 210, via a connection mechanism, and
the link 178, is connected to the motor 2105 via a connection
mechanism.

In various embodiments, one motor is connected to the
links 178, and 178,. When the single motor rotates, the links
178, and 178, rotate simultaneously to achieve a position of
the upper electrode 122 and the UEE 126.

FIG. 7B is a block diagram of an embodiment of a system
187 for using a positioning mechanism to control a position of
the upper PEZ ring 124. The position of the upper PEZ ring
124 is controlled independent of control of positions of the
upper electrode 122 and the UEE 126.

The system controller 170 receives program recipes 206
via the user interface system 204. In addition, the program
recipes 206 include an amount of vacuum and/or air to be
created within a volume of the positioning mechanism 146 to
move the positioning mechanism 146 by a distance to further
achieve the position P1, P2, P3, or P4 of the upper PEZ ring
124. The program recipes 206 further include an amount of
vacuum and/or air to be created within a volume of the posi-
tioning mechanism 216, to move the positioning mechanism
216, by a distance to achieve a position of the upper electrode
122. The program recipes 206 also include an amount of
vacuum and/or air to be created within a volume of the posi-
tioning mechanism 216, to move the positioning mechanism
216, by a distance to achieve a position of the UEE 126.

Upon retrieving the program recipes 206 from the memory
device 176 (FIG. 5), the system controller 170 sends a signal
to a position controller 212, sends a signal to the position
controller 172, and sends a signal to a position controller
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212,. The signal sent to the position controller 212, includes
an amount of vacuum to be generated by a vacuum pump
and/or air compressor 214, to move the positioning mecha-
nism 216, by a distance to achieve a position of the upper
electrode 122. Moreover, the signal sent to the position con-
troller 172 includes an amount of vacuum to be generated by
a vacuum pump and/or air compressor 184 to move the posi-
tioning mechanism 146 by a distance to achieve a position of
the upper PEZ ring 124. Also, the signal sent to the position
controller 212, includes an amount of vacuum to be generated
by a vacuum pump and/or air compressor 214, to move the
positioning mechanism 216, by a distance to achieve a posi-
tion of the UEE 126.

The vacuum pump and/or air compressor 214, generates an
amount of vacuum within the positioning mechanism 216,
and the amount is received from the position controller 212, .
Similarly, the vacuum pump and/or air compressor 184 gen-
erates an amount of vacuum within the positioning mecha-
nism 146 and the amount is received from the position con-
troller 172. Also, the vacuum pump and/or air compressor
214, generates an amount of vacuum within the positioning
mechanism 216, and the amount is received from the position
controller 212,.

The position of the upper electrode 122 changes when the
position of the positioning mechanism 216, changes. For
example, a bottom surface 193 of the positioning mechanism
216, abuts a top surface 189 of the upper electrode 122. When
aposition of the bottom surface 193 of'the positioning mecha-
nism 216, changes, a position of the top surface 189 changes
to achieve a position of the bottom surface 191 of the upper
electrode 122 with respect to the y-axis. The position of the
bottom surface 191 may be P1, P2, P3, or P4.

Similarly, the position of the upper PEZ ring 124 changes
when the position of the positioning mechanism 146 changes.
For example, a bottom surface 201 of the positioning mecha-
nism 146 abuts a top surface 203 of the upper PEZ ring 124.
When a position of the bottom surface 201 of the positioning
mechanism 146 changes, a position of the top surface 203
changes to achieve a position of the bottom surface 205 of the
upper PEZ ring 124 with respect to the y-axis. The position of
the bottom surface 205 may be P1, P2, P3, or P4.

Moreover, the position of the UEE 126 changes when the
position of the positioning mechanism 216, changes. For
example, a bottom surface 207 of the positioning mechanism
216, abuts a top surface 209 of the UEE 126. When a position
of the bottom surface 207 of the positioning mechanism 216,
changes, a position of the top surface 209 changes to achieve
a position of the bottom surface 1264 of the UEE 126 with
respect to the y-axis. The position of the bottom surface 1264
may be P1, P2, P3, or P4.

In a number of embodiments, when the positioning mecha-
nism 146 moves downward in a vertical direction for a dis-
tance, the upper PEZ ring 124 achieves the position P1
between the upper electrode 122 and the UEE 126. In a
number of embodiments, the vertical direction is along an
orientation that is substantially perpendicular, e.g., perpen-
dicular or about perpendicular, to a top surface of the lower
electrode 110. Moreover, when the positioning mechanism
146 moves further in the downward vertical direction for a
distance, the upper PEZ ring 124 achieves the position P2
between the upper electrode 122 and the UEE 126. Also,
when the positioning mechanism 146 moves further in the
downward vertical direction for a distance, the upper PEZ
ring 124 achieves the position P3 between the upper electrode
122 and the UEE 126. When the positioning mechanism 146
moves further in the downward vertical direction for a dis-
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tance, the upper PEZ ring 124 achieves the position P4
between the upper electrode 122 and the UEE 126.

Similarly, when the positioning mechanism 146 moves in
anupward vertical direction for a distance, the upper PEZ ring
124 achieves the position P3 between the upper electrode 122
and the UEE 126 from the position P4. Moreover, when the
positioning mechanism 146 moves further in the upward ver-
tical direction for a distance, the upper PEZ ring 124 achieves
the position P2 between the upper electrode 122 and the UEE
126 from the position P3. Also, when the positioning mecha-
nism 146 moves further in the upward vertical direction for a
distance, the upper PEZ ring 124 achieves the position P1
between the upper electrode 122 and the UEE 126 from the
position P2. When the positioning mechanism 146 moves
further in the upward vertical direction for a distance, the
upper PEZ ring 124 loses its position between the upper
electrode 122 and the UEE 126.

In various embodiments, one positioning mechanism is
attached to the positioning mechanisms 216, and 216,. When
the single positioning mechanism changes its position with
respect to the y-axis, the positioning mechanisms 216, and
216, also change their positions to achieve a position of the
upper electrode 122 and the UEE 126.

FIG. 8 is a block diagram of an embodiment of a system
215 for controlling a position of the upper PEZ ring 124 via
the motor 210,. As shown in FIG. 8, the motor controller 208,
and the motor 210, are located within a housing 240. The link
178, may be a lead screw, a rod, a toothgear, a pinset, or a
combination thereof. When the link 178, is a toothgear, a
mating toothgear is fabricated within the upper PEZ ring 124
to allow the upper PEZ ring 124 to move vertically along the
y-axis with rotation of the motor 210,.

FIG. 9 is a cross-sectional view of an embodiment of a
plasma processing chamber 219. The plasma processing
chamber 219 includes an upper electrode 221, an upper PEZ
ring 223, an UEE 225, an LEE 227, alower PEZ ring 229, and
a lower electrode 231. As shown, the upper PEZ ring 223 is
not clamped with the upper electrode 221 or with the UEE
225. The upper PEZ ring 223 moves along the y-axis inde-
pendent of whether the upper electrode 221 or the UEE 225
moves along the y-axis.

FIG. 10 is a zoom-in of the cross-section view of an
embodiment of the plasma processor chamber 219. The sub-
strate 116 is placed between the upper electrode 221 and the
lower electrode 231. The substrate 116 also lies between the
upper PEZ ring 223 and the lower PEZ ring 229. The lower
PEZ ring 229 shields the lower electrode 231 from plasma
generated within an edge processing region.

FIG. 11 is a cross-sectional view of an embodiment of a
portion 241 of a plasma processing chamber. The portion 241
includes an upper electrode 234 that is grounded. The portion
241 further includes the lower electrode 110. The lower PEZ
ring 142 horizontally abuts the lower electrode 110 and a
lower electrode extension 236 horizontally abuts the lower
PEZ ring 142. Also, a ring 239, made of a dielectric material,
surrounds the lower electrode 110. The ring 239 electrically
isolates the lower electrode 110 from the lower electrode
extension 236 and from the bottom wall 134 (FIG. 3) of the
processing chamber 136 (FIG. 3). The lower electrode exten-
sion 236 abuts the ring 239. The lower electrode 110, the
lower PEZ ring 142, the ring 239, and the lower electrode
extension 236 form part of a lower electrode assembly.

The upper PEZ ring 124 abuts the upper electrode 234. An
upper metal component 232 abuts the upper electrode 234,
the upper PEZ ring 124, and the upper electrode extension
244. The upper electrode extension 244 abuts the upper PEZ
ring 124. The upper PEZ ring 124 is coupled with the posi-
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tioning mechanism 146. For example, the positioning mecha-
nism 146 abuts the upper PEZ ring 124. The positioning
mechanism 146 vertically moves up and down to change a
position of the upper PEZ ring 124. The position of the upper
PEZ ring 124 is changed to achieve the position P1, P2, P3, or
P4. Any remaining plasma, after a processing operation, and
process gases are captured by the vacuum pump 192 (FIG. 3)
from the gap 139 via holes 243.

FIG. 12 is a diagram of an embodiment of a system 281 for
generating plasma within an edge processing region. When
power is supplied by the RF power supply 152 to the LEE 236
via the lower electrode 110 and the process gas are present
within the gap 139, plasma is created within an edge process-
ing region.

In a number of embodiments, instead of supplying RF
power from the RF power supply 152, power is supplied by
another RF power supply 283 that is coupled to the LEE 236.
In these embodiments, the UEE 244 is grounded via the upper
metal component 232 (FIG. 11) and the lower electrode 110
is also grounded via a switch. Also, the upper electrode 234 is
grounded. The supply of power from the RF power supply
283 creates plasma within edge processing region 111 (FIG.
1A). During a processing operation performed on the sub-
strate 116, the upper PEZ ring 124 is moved between difterent
positions, e.g., positions P1 thru P4, without a need to move
the upper electrode 234 and a need to move the UEE 244. The
movement of the upper PEZ ring 124 allows control of an
amount of plasma within the gap 139 to further allow achieve-
ment of different rates of etching of a region of substrate 116
within the edge exclusion region 121.

FIG. 13 is a diagram of a system 291 for calibrating and
using spacers to determine the positions P1 thru P4. The
upper electrode 234 and an UEE 250 are calibrated via spac-
ers 252, and 252, to be placed at the position P4 along the
y-axis. The upper PEZ ring 124 is moved down along the
y-axis until the upper PEZ ring 124 touches a spacer 186,,
which is placed at the position P4. When the PEZ ring 124
touches the spacer 186,, movement of the PEZ ring 124 is
stopped. After calibrating the position P4 of the upper PEZ
ring 124, the upper PEZ ring 124 is moved up along the y-axis
to remove the spacer 186,.

After calibrating the upper PEZ ring 124 for the position
P4, the upper PEZ ring 124 is calibrated for the position P3.
The upper PEZ ring 124 is calibrated for the position P3 in a
manner similar to calibrating the upper PEZ ring 124 for the
position P4. For example, the upper PEZ ring 124 is moved
down along the y-axis until the upper PEZ ring 124 touches a
spacer 186,, which is placed at the position P3. The spacer
186, is taller than the spacer 186,. When the PEZ ring 124
touches the spacer 186,, movement of the PEZ ring 124 is
stopped. After calibrating the position P3 of the upper PEZ
ring 124, the upper PEZ ring 124 is moved up along the y-axis
to remove the spacer 186,.

Moreover, after calibrating the upper PEZ ring 124 for the
position P3, the upper PEZ ring 124 is calibrated for the
position P2. The upper PEZ ring 124 is calibrated for the
position P2 in a manner similar to calibrating the upper PEZ
ring 124 for the position P3 or P4. For example, the upper PEZ
ring 124 is moved down along the y-axis until the upper PEZ
ring 124 touches a spacer 186, which is placed at the position
P2. The spacer 186, is taller than the spacer 186,. When the
PEZ ring 124 touches the spacer 186,, movement of the PEZ
ring 124 is stopped. After calibrating the position P2 of the
upper PEZ ring 124, the upper PEZ ring 124 is moved up
along the y-axis to remove the spacer 186,.

After calibrating the upper PEZ ring 124 for the position
P2, the upper PEZ ring 124 is calibrated for the position P1.
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The upper PEZ ring 124 is calibrated for the position P1 in a
manner similar to calibrating the upper PEZ ring 124 for the
position P2, P3, or P4. For example, the upper PEZ ring 124
is moved down along the y-axis until the upper PEZ ring 124
touches a spacer 186, which is placed at the position P1. The
spacer 186, is taller than the spacer 1865. When the PEZ ring
124 touches the spacer 186,, movement of the PEZ ring 124
is stopped. After calibrating the position P1 of the upper PEZ
ring 124, the upper PEZ ring 124 is moved up along the y-axis
to remove the spacer 186,,.

It should be noted that any order of calibrating the upper
PEZ ring 124 is used. For example, the upper PEZ ring 124 is
calibrated for the position P1 first, then for the positions P2,
P3, and P4. As another example, the upper PEZ ring 124 is
calibrated for the position P1, then for the position P4, then
for the position P2, and then for the position P3. It should be
noted that during calibration of the upper PEZ ring 124
between the positions P1 thru P4, the spacers 252, and 252,
are placed at the position P1 to calibrate the upper electrode
234 and the UEE 250 to be placed at the position P1. In several
embodiments, during calibration of the upper PEZ ring 124
between the positions P1 thru P4, the spacers 252, and 252,
are placed at the position P2, P3, or P4, to calibrate the upper
electrode 234 and the UEE 250 to be placed at the position P2,
P3, or P4.

After the calibration of the upper PEZ ring 124 for all the
positions P1 thru P4, plasma is created within the plasma
chamber 136 (FIG. 3) and the upper PEZ ring 124 is moved
down along the y-axis to prepare the substrate 116 for a
processing operation, e.g., etching, depositing, cleaning, etc.

In a number of embodiments, the spacers 186, 186,, 186,
and 186, are used after the calibration to facilitate placement
of'the upper PEZ ring 124 at the corresponding positions P1,
P2,P3, and P4. For example, the spacer 186, is used during or
after creation of plasma within the plasma chamber 136 to
prevent further downward vertical movement from the posi-
tion P4 of the upper PEZ ring 124.

FIG. 14 is an isometric view of an embodiment of the upper
PEZ ring 124 that is supported by multiple spacers 186, , 254,
and 256 and FIG. 15 is a top view of the upper PEZ ring 124
that is supported by the spacers 186,, 254, and 256. The
spacers 186, 254, and 256 are placed at the position P1 to
calibrate the upper PEZ ring 124. In several embodiments, the
spacers 186,, 254, and 256 are placed at the position P1 to
form a triangle between the spacers 186, 254, and 256. In a
number of embodiments, multiple spacers are placed under
the upper PEZ ring 124 at the position P2, P3, or P4, to form
atriangle between the spacers to calibrate the upper PEZ ring
124.

FIG. 16 is a diagram of an embodiment of a system 295 in
which an upper PEZ ring 258 is equipped with tensioners 264
to achieve one or more positions, e.g., L1 and L.2. The ten-
sioners 264 perform spring action of sliding in and out of slots
266 of an UEE 262 and in and out of slots 297 of an upper
electrode 260.

When a link coupled with the upper PEZ ring 258 is rotated
in the clockwise direction or a positioning mechanism
coupled with the upper PEZ ring 258 is moved in a vertical
downward direction or a heating element attached to the
upper PEZ ring 258 expands in the vertical downward direc-
tion, the tensioner 264, extends into the slot 297, and the
tensioner 264, extends into the slot 266,. The tensioner 264,
extends into the slot 297, and the tensioner 264, extends into
the slot 266, to achieve the position L.2.

Moreover, when a link coupled with the upper PEZ ring
258 is rotated further in the clockwise direction or a position-
ing mechanism coupled with the upper PEZ ring 258 is
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moved further in a vertical downward direction or a heating
element attached to the upper PEZ ring 258 expands furtherin
the vertical downward direction, the tensioner 264, retracts
from the slot 297, and extends into the slot 297,, the tensioner
264, extends into the slot 297, the tensioner 264, retracts
from the slot 266, and extends into the slot 266,, and the
tensioner 264, extends into the slot 266, . The tensioners 264
and 264, extend into the slots 297 and the tensioners 264, and
264, extend into the slots 266 to achieve the position LL1.

Similarly, when a link coupled with the upper PEZ ring 258
is rotated in the counterclockwise direction or a positioning
mechanism coupled with the upper PEZ ring 258 is moved in
a vertical upward direction or a heating element attached to
the upper PEZ ring 258 contracts in the vertical upward
direction, the tensioner 264, retreats from the slot 297, and
the tensioner 264, retreats from the slot 266,. Moreover, the
tensioner 264, retreats from the slot 297, and the tensioner
264, retreats from the slot 266,. Also, the tensioner 264,
expands into the slot 297, and the tensioner 264, expands into
the slot 266, to allow the upper PEZ ring 258 to achieve the
position L.2.

Moreover, when a link coupled with the upper PEZ ring
258 is rotated further in the counterclockwise direction or a
positioning mechanism coupled with the upper PEZ ring 258
is moved further in a vertical upward direction or a heating
element attached to the upper PEZ ring 258 further contracts
in the vertical upward direction, the tensioner 264, retreats
from the slot 297, and the tensioner 264, retreats from the slot
266, . The tensioner 264, retreats from the slot 297, and the
tensioner 264, retreats from the slot 266, to decouple the
upper PEZ ring 258 at the position [.1 from the upper elec-
trode 260 and the UEE 262.

It should be noted that although two positions [.1 and [.2
are illustrated in FIG. 16, in a number of embodiments, any
number of positions are used. Moreover, any number of slots
and tensioners to achieve the number of positions are used.
For example, the upper PEZ ring 124 is moved to a position
that is substantially parallel, e.g., same or substantially the
same level measured along the y-axis, to a position of the
upper electrode 122. As another example, the upper PEZ ring
124 is moved to protrude past the position P1 of the upper
electrode 122 in a downward vertical direction toward the
lower PEZ ring 112. As yet another example, the upper PEZ
ring 124 is moved to recess away from the position P1 of the
upper electrode 122 and in a vertical direction away from the
lower PEZ ring 112.

FIG. 17 is a graph that is an embodiment of a plot of
normalized etch rate (ER) versus a radius on the substrate 116
(FIG. 1). The radius on the substrate 116 is measured from a
center of the substrate 116. The plot includes a curve 302 that
is generated when the gap G1 is formed. The plot further
includes a curve 304 that is generated when the gap G2 is
formed, a curve 306 that is generated when the gap G3 is
formed, and a curve 308 that is generated when the gap G4 is
formed. As shown in the plot, for a radius R on the substrate,
a normalized etch rate E1 is greater than a normalized etch
rate E2. The normalized etch rate E1 is measured when the
gap G1 exists between the upper PEZ ring 124 and the sub-
strate 116 (FIG. 1). The normalized etch rate E2 is measured
when the gap G2 exists between the upper PEZ ring 124 and
the substrate 116. The gap G1 allows a higher amount of
plasma than an amount of plasma within the gap G2 to
achieve the higher etch rate E1 at the radius R.

It should be noted that although the above-described
embodiments include vertical movement of an upper PEZ
ring, an upper electrode, and/or an UEE, in various embodi-
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ments, instead of the vertical movement, an oblique, e.g.,
slanted, skewed, sloping, etc., movement may occur.

Embodiments described herein may be practiced with vari-
ous computer system configurations including hand-held
devices, microprocessor systems, microprocessor-based or
programmable consumer electronics, minicomputers, main-
frame computers and the like. The embodiments can also be
practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked
through a network.

With the above embodiments in mind, it should be under-
stood that the embodiments can employ various computer-
implemented operations involving data stored in computer
systems. These operations are those requiring physical
manipulation of physical quantities. Any of the operations
described herein that form part of the embodiments are useful
machine operations. The embodiments also relates to a device
or an apparatus for performing these operations. The appara-
tus may be specially constructed for the required purpose,
such as a special purpose computer. When defined as a special
purpose computer, the computer can also perform other pro-
cessing, program execution or routines that are not part of the
special purpose, while still being capable of operating for the
special purpose. Alternatively, the operations may be pro-
cessed by a general purpose computer selectively activated or
configured by one or more computer programs stored in the
computer memory, cache, or obtained over a network. When
data is obtained over a network the data may be processed by
other computers on the network, e.g., a cloud of computing
resources.

One or more embodiments can also be fabricated as com-
puter readable code on a computer readable medium. The
computer readable medium is any data storage device that can
store data, which can be thereafter be read by a computer
system. Examples of the computer readable medium include
hard drives, network attached storage (NAS), ROM, RAM,
compact disc-ROMs (CD-ROMs), CD-recordables (CD-Rs),
CD-rewritables (CD-RWs), magnetic tapes and other optical
and non-optical data storage devices. The computer readable
medium can include computer readable tangible medium dis-
tributed over a network-coupled computer system so that the
computer readable code is stored and executed in a distributed
fashion.

Although the method operations were described in a spe-
cific order, it should be understood that other housekeeping
operations may be performed in between operations, or
operations may be adjusted so that they occur at slightly
different times, or may be distributed in a system which
allows the occurrence of the processing operations at various
intervals associated with the processing, as long as the pro-
cessing of the overlay operations are performed in the desired
way.

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, it will
be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accord-
ingly, the present embodiments are to be considered as illus-
trative and not restrictive, and the embodiments are not to be
limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims.
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The invention claimed is:

1. A plasma processing chamber for bevel edge cleaning,
the chamber comprising:

an upper electrode;

a lower electrode positioned below the upper electrode;

an upper plasma exclusion zone (PEZ) ring peripheral to

the upper electrode, the PEZ ring being settable to mul-
tiple positions toward or away from the lower electrode
without vertical adjustment of the upper electrode;

an upper electrode extension peripheral to the upper PEZ

ring; and

a lower electrode extension surrounding the lower elec-

trode.

2. The plasma processing chamber of claim 1,

wherein the upper PEZ ring is configured to be driven by a

different driver than a driver for driving the upper elec-
trode.

3. The plasma processing chamber of claim 1, wherein the
upper electrode is configured to be coupled with ground to
generate a voltage difference between the upper electrode and
the lower electrode.

4. The plasma processing chamber of claim 1, wherein the
lower electrode is configured to support a substrate.

5. The plasma processing chamber of claim 1, wherein the
lower electrode is configured to be supplied with a radiofre-
quency (RF) power via an impedance matching circuit to
generate a voltage difference between the upper electrode and
the lower electrode.

6. The plasma processing chamber of claim 1, wherein the
upper PEZ ring is configured to be driven by a different driver
than a driver for driving the upper electrode extension.

7. The plasma processing chamber of claim 1, wherein the
upper electrode extension is configured to be grounded when
the lower electrode extension is supplied with a radiofre-
quency (RF) power.

8. The plasma processing chamber of claim 1, further com-
prising a lower PEZ ring configured to shield the lower elec-
trode from plasma generated within an edge exclusion region.

9. The plasma processing chamber of claim 1, wherein the
upper electrode lacks a flange to clamp the upper PEZ ring.

10. The plasma processing chamber of claim 1, further
comprising a dielectric ring configured to electrically isolate
the lower electrode from a bottom wall of the chamber.

11. The plasma processing chamber of claim 1, wherein the
upper PEZ ring is configured to shield the upper electrode
from plasma generated within an edge exclusion region.

12. The plasma processing chamber of claim 1, wherein the
upper PEZ ring is configured to move from a first position to
a second position during a lack of movement of the upper
electrode and the upper electrode extension.

13. The plasma processing chamber of claim 1, further
comprising a lower PEZ ring, wherein an edge of the upper
PEZ ring lacks alignment with an edge of the lower PEZ ring.

14. The plasma processing chamber of claim 1, wherein an
edge of the upper electrode extension is aligned with an edge
of the lower electrode extension.

15. The plasma processing chamber of claim 1, wherein an
edge exclusion region is formed between a portion of a sub-
strate and an edge of the substrate, wherein a surface area of
the substrate within the edge exclusion region changes when
the upper PEZ ring engages with the multiple positions.
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